Background Human cytomegalovirus (HCMV) is the major viral etiology of congenital infection and birth defects, during current maternal infection the fetal transmission is high (30-40%) and the symptomatic neonates have diseases involving the neurologic, hematopoietic, respiratory and other organ systems, causing high mortality and long-term sequelae.
Introduction
uman cytomegalovirus (HCMV) is the major viral etiology of congenital infection and birth defects (1) . Congenital infection is the leading cause of 10% of neonatal deaths in Iraq (2) . HCMV transmission rates to the fetus are significantly higher than Rubella and Toxoplasma gonidii (3) . During maternal primary or current (reinfection or reactivation) infection HCMV can translocate the placental barrier and can cause infection of the developing fetus (4) . Perinatal HCMV infection may be acquired from the mother as a result of contact with infected genital secretions during passage through the birth canal or via ingestion of the infected breast milk (perinatal infection). This postnatally acquired infection rarely results in significant symptoms or sequelae in full-term infants (5) , the exception being the low-birth weight and prematurity. Infants born at preterm birth may be at higher risk of developing HCMV associated diseases (6, 7) . HCMV is a common congenital infection worldwide. The prevalence of congenital HCMV is 0.64% in developed countries (8) while reliable estimate of the prevalence of congenital HCMV infection in developing countries are not available (8, 9) . Since the incidence of congenital infection is directly correlated with the seroprevalence of HCMV antibodies in the population (10, 11) , congenital HCMV infection may indeed exert its greatest burden on developing countries with high birth rates and high seroprevalence, up to 95-100% (12) . Approximately 90% of newborns with congenital HCMV infection have no clinical symptoms of disease at birth, while about 10% of them have the signs and symptoms at birth (13, 14) . Greater than 90% of symptomatic infants develop long-term neurological sequelae, such as sensorineural hearing loss, developmental disability, cerebral palsy, and impaired vision (15) . This incidence is far greater than that of the better-known chromosomal disorder Down syndrome (16) . On the other hand, among the 90% asymptomatic congenital HCMV infections, approximately 10-15% will later develop long-term neurological sequelae (15, 17) . Hearing loss is the most common sequels of children with asymptomatic congenital HCMV infection who develop long-term sequelae (17, 18) . Perinatal acquisition of HCMV has little significance in full-term infants and it is not associated with long-term disability. Prematurely born infants with postnatally HCMV were found to be at higher risk for HCMV associated diseases (6) . The factors that enhance the magnitude of HCMV as a health problem can be explained by the following factors: no specific antiviral therapy for HCMV infection and no licensed vaccine (19) (20) (21) , a lack of awareness of congenital HCMV among health care workers and the public because most maternal and newborn infections are asymptomatic and, therefore, are not recognized at birth (22) . This study aimed to estimate the frequency rate of HCMV infection among symptomatic neonates with congenital infections and the possible burden of disease among the infected neonates.
Methods
A cross sectional study was conducted on neonates with congenital infection. A total of one hundred ninety-eight (198) neonates diagnosed with congenital infection were selected based on the inclusion criteria of the study from September 2014 to March 2015. All the selected neonates were admitted to the Neonatal Intensive Care Unit. Serum samples were obtained from the neonates, their ages ranged between one and thirty days. The neonates enrolled in this study were symptomatic neonates diagnosed with congenital infection the inclusion criteria as follows: various clinical manifestation like jaundice, petechial rash, hepatosplenomegaly, pneumonitis, congenital heart diseases (CHD), congenital malformations especially those involving the central nervous system and ophthalmological abnormalities (23) . The exclusion criteria as follows: neonates were not considered suggestive if the only finding was prematurity (24) . Clinical manifestation was determined by consultation of a pediatric specialist and verification of the information in the medical record. Neonates were admitted to the Neonatal Intensive Care Unit in Child Protection Teaching Hospital and Imamein Kadhimein Medical City in Baghdad. About 1-2 milliliters of venous blood was obtained from each subject targeted in this study. The blood samples were allowed to clot at room temperature and then centrifuged for serum. All sera were stored at (-20 °C) until testing. HCMV infection was defined as HCMV-IgM antibody positive by ECLIA Kits (Roche, Germany) according to the manufacture's protocol.
Ethical approval to perform the study was obtained from the Research Ethical Committee at College of Medicine, Al-Nahrain University. Statistical analysis was performed in SPSS 24 using frequency analysis to calculate rate ratios, mean, median, maximum and minimum of the study variables.
Results

HCMV infection as indicated by specific IgM measured
by Electrochemiluminescence Immunoassay (ECLIA) was detected in 25 out of 198 (12.6%) symptomatic neonates as shown in figure (1).
Figure 1. Positive IgM-Anti HCMV results among symptomatic neonates
Lower female rates 11 out of 25 (44%) than males 14 out of 25 (56%) were found among infected neonates. The average age of HCMV detection among symptomatic neonates was 9.96 days after birth. First week of the postpartum period was the medium age of HCMV detection. HCMV infection was detected among symptomatic neonates in a minimum age of 3 days and in a maximum age of 28 days after birth (SD 6.73) as shown in table (1). Among the clinical manifestations of symptomatic neonates with serological evidence of congenital and perinatal HCMV infection, jaundice was the most predominant clinical finding 14 out of 25 (56%), followed in order of frequency by hepatomegaly 9 out of 25 (36%) pneumonitis 7 out of 25 (28%), prematurity 6 out of 25 (24%). Microcephaly was the most predominant neurological manifestation 6 out of 25 (24%), followed in order of frequency by hydrocephaly 5 out of 25 (20%), convulsion 2 out of 25 (8%), and vision problems 1 out of 25 (4%). Other clinical findings are shown in figure (2).
Figure 2. Clinical signs among symptomatic infected neonates, listed in order of frequency
Discussion
Among hospitalized neonates who were suggestive for congenital and perinatal HCMV infection, IgM-anti HCMV was detected in 25 (12.6%) of them. A lower result of 6% was recorded among symptomatic neonates in Iraq previously by Al-Ali and his coworkers in 1995, though they conducted their work on cord sera only, so their results reflected the congenital HCMV infection only (25) . Approximately similar result was reported by the same author among suggestive live-born infants in Mosul, Iraq by using specific IgM as a screening test (11) (24) . The higher results might be related to the wider range of age of suggestive infants included in that study as compared to this study. Higher results 20% of HCMV infection as indicated by specific IgM among symptomatic neonates was found in India (26) , while lower results 1.6% and 2% were reported among symptomatic infants in Iran and Palestine respectively using the same test (27, 28) . The variation among these results and result of this study may reflect the variation of HCMV prevalence in different countries (29) . The variation of congenital HCMV epidemiology could be related to the maternal seropositivity because women of childbearing age, who are HCMV seronegative are at major risk of giving birth to infants with symptomatic congenital infection if primary infection is acquired during pregnancy (11) . The median of HCMV detection was the first week of the postpartum period, a result that may indicate that most of the HCMV infection among symptomatic neonates was congenital infection rather than perinatal infection (30) . Jaundice was the most frequently noted presenting sign 56%, followed by hepatomegaly 36%.
These results are comparable to those documented in Iraq regarding the most frequent signs and also the order of frequency among symptomatic HCMV infected infants, Habib et al. reported 65.2% for jaundice followed by 41.1% for hepatomegaly (24) . A similar finding was reported among hospitalized HCMV infected children in Palestine, but hepatomegaly was the first sing in order of frequency 60% followed by jaundice 30% (28) . The variation in the order of frequency of jaundice and hepatomegaly between hospitalized symptomatic HCMV infected children in that study and the present study may be related to the variation in HCMV strains. There is evidence indicating that the existence of HCMV variant plays an important role in the pathogenesis of disease (31) . Jaundice was reported in 63% of symptomatic HCMV infected infants by Pass and his colleagues (32) , and 70% in another study (33) . In the presented study hepatomegaly was comparable to that documented by others (34, 35) . However, higher figures 74% and 70% were reported by other workers (32, 33) . Pneumonitis was found in 28% of symptomatic HCMV infected neonates, a result which is found to be higher than that recorded in a study from Iraq 11.6% among infected infants (24) . In a recent study, a higher frequency of pneumonitis was detected in 47% of symptomatic infected children (36) . The variation in the results may be due to the fact that the clinical diagnosis of HCMV lung infection is challenging in children and often requires a high-index of suspicion (37) . Prematurity was found in 24% of symptomatic infected. Meier et al. have reported significant risk of HCMV transmission postnatally in preterm infants with the possibility of severe disease (43) . Immature immune system in infants, as a consequence of prematurity among neonates relates to lower production of cytokines which reduces the ability of T-cell activation and viral detection as compared to term infants (44) . In addition, premature infants are at high risk for symptomatic HCMV infection as they don't receive as many as transplacental HCMV antibodies, and the antibodies that they do receive disappear more rapidly through catabolism than in infants born near term (45, 46) . Interestingly, result in the current study is higher than the results reported in a study in Iraq, which indicated 16.7% prematurity among symptomatic HCMV infected infants even though the age range in that study was wider than current study (24) . This finding could indicate that prematurity is more likely to correlate with congenital infection since HCMV impairs placental development and functions regardless of virus transmission to fetus, leading to intrauterine growth restriction that results in the baby being preterm (10) . In addition, HCMV efficiently spreads into fetal organs following fetal viremia during HCMV congenital infection. The major target organ is the fetal lungs. HCMV replication in the lungs triggers apoptosis near and within viral lesions and impairs the production of surface proteins of the lung that adversely impact lung development (47) . However, further studies need to be conducted on premature neonates with congenital and perinatal HCMV infections separately to evaluate the association between prematurity and each type of neonatal HCMV infection. The most frequent neurological manifestations among symptomatic infected children were microcephaly and hydrocephaly, recorded at 24% and 20% respectively. A higher result was reported for microcephaly 38.9%, and an approximately similar result for hydrocephaly in Iraq among symptomatic infected infants by Habib et al. (24) . Other study in Iraq done by Al-Ali et al. described hydrocephaly in 33.3% of infected newborns and has also shown hydrocephaly as the most frequent neurological clinical finding (25) . In contrast, microcephaly and hydrocephaly were not recorded among hospitalized children with symptomatic HCMV infection in Palestine (28) . Gandhoke et al. have reported an equal frequency of microcephaly and hydrocephaly among symptomatic infected children (26) . Other neurological manifestations recorded were convulsion 8% and vision problems 4%. In two studies conducted in Iraq among symptomatic HCMV infected neonates and infants, convulsion and vision problems were recorded in lower frequency compared to this study (24, 25) . The variation in the results may be related to the wider age range of these two studies compared with the present study. A systemic review of 30 studies regarding hearing problems revealed that hearing loss was 12.65% among symptomatic HCMV infected children (38) . In the present study, hearing problems was not detected among neurological manifestations in symptomatic HCMV infected neonates. A large number of hearing problems that result from HCMV infection was detected at school age (39) , which may be attributed to misdiagnosis of hearing problems among neonates in this study. Petechial rash was described in 20% of the symptomatic HCMV infected neonates, which was found to be lower than those recorded by others: 33.3% and 32% (40) . In contrast, petechial rash was not recorded by Gandhoke (26) and Neirukh et al. (28) . This variation in the results may be due to the possibility that this clinical sign might have passed unnoticed by the physician as it may be transient, disappearing with 48 hours (41) and requires very careful clinical examination. Fever for unknown reasons was shown in 12% of symptomatic HCMV infected neonates. Fever for unknown reasons may indicate the prenatal HCMV infection among neonates in this study since it presents the usual clinical picture of HCMV mononucleosis among immunocompetent children (42) . Heart diseases and feeding difficulties were last regarding the order of frequency. The variations in the results of clinical findings that were found among different studies may reflect the variations in the severity of disease and the degree of organ involvement. Clinical findings associated with HCMV infection are broad and non-specific (13) . This variation may be related to the type of HCMV genotype and tissue tropism associated with the virus strain. From a prognostic viewpoint, the prompt identification of infected infants would help define a population at risk for developmental abnormalities so the establishment of diagnosis early in life is important for the infants and for the families.
